Introduction
The basic esters of arylcarbamic acid are consid ered as very interesting biologically active com pounds. The importance of this class of compounds is accounted for by their considerable local anesthetic and antiarythmic activities, as well as their high ten dencies to form CT complexes with biologically ac tive electron acceptors [1] [2] [3] [4] [5] [6] . Recently, spectro scopic investigation of the CT complexes of a number of substituted N-arylcarbamates with some jr-acceptors have revealed that the apparently weak electron donors, N-arylcarbamates, are in fact highly electron donating systems [7] .
In the present work, the VIS, 'H NM R and IR spectra of the CT complexes of some newly syn thesized [ rivatives (5-8) is ascertained through the CT com plexation. Table I. 2,3-Dichloro-5,6-dicyanobenzoquinone and tetracyanoethylene (Janssen Chimica, Belgium) were used without further purification. M ethylene chloride (Merck, F .R .G .) was used as a solvent for all CT complexes after drying over phos phorus pentoxide as described in Organicum [11] .
Experimental and Physical Measurements
The association constants (K) and the molar ex tinction coefficients (e) of the CT complexes studied have been determ ined by applying the Rose -Drago equation [12, 13] :
where CD and CA are the initial concentrations of the donor and acceptor, respectively, eA is the molar ab sorptivity of the acceptor. dA is the absorbance of the initial concentration of the acceptor, and d corre sponds to the total absorbance at any given wavelength for a cell of 1 cm path length. The visible spectra were scanned on a Beckman U V 5230 recording spectrophotom eter in a matched pair of stoppered fused silica cells of 1 . 0 cm optical path length for solutions containing a constant con centration of acceptor ( 2 x l0~3 M) and varying ex cess donor concentrations ( l -8 x l 0 ": M) at 20 °C. All scans covered the range from 350-800 nm.
'H NMR spectra were recorded on Bruker AM-300 (300 MHz) and Bruker WM-400 (400 MHz) spectrom eters.
The infrared spectra of the donors 1-8 as well as their CT complexes were measured in KBr and re corded on Perkin-Elm er 157 G and Perkin-Elmer 1402 spectrom eters.
Results and Discussion
The interaction of D D Q and TCNE with cyclo phanes 1 -8 m easured in methylene chloride causes new absorption bands in the visible ranges 538-579 nm and 455 -523 nm, respectively. These new bands are supposed to be the CT bands charac teristic of the electron donor and acceptor system. This assignment is supported by the following argu ments: (i) The linear relationship between the max imum frequencies of the new bands for TCNE com plexes and those for D D Q complexes (Fig. 2) , such relationship having been generally observed [14, 15] .
(ii) The separate components did not absorb in these hv TCNE (e.V) Jo b 's plots [16] for the two series of CT complexes are symmetrical on either side of the maxima at mole fraction of 0.5 indicating a 1:1 stoichiometric ratio for all CT complexes studied under the range of the experim ental conditions. The association constants (K) and the molar ex tinction coefficients (e) for the complexes were calcu lated by the Rose -D rago equation [12, 13] and their values are summarized in Table II Table II in an order of increasing donating ability; 4 > 3 > 2 > 1 . Taking into consideration the inductive effect of the phenyl group in com pound 1 as well as the interac tion between the lone pair of the nitrogen atom with the phenyl group, this donor is expected to be of lowest basicity with respect to the other donors 2-4. It is worthy to note that there are three centres in the donor system 1-4, that can donate electrons to the electron acceptors; nitrogen atom and the substi tuted benzene ring as well as the unsubstituted one. In order to know the most preferable donating site, a methylene chloride solution of benzyl N-phenylcarbamate (9) CT complexation. M oreover, the benzyl group in compound 9 has no donor properties, which may be accounted for by the inductive effect of O -CO group. On the basis of this conclusion, the electron acceptors are mainly complexed with the unsubsti tuted benzene ring in donors 1-4. Since the donating ability of the other substituted one is inhibited through the inductive effect of O -CO group as well as the steric effect of the substituent. It is also worth noting that the capability of the donors 1-4 to form such CT complexes originates from the existence of the transannular electronic interactions in this system as inferred from the inert behaviour of 9 towards the strong ^-acceptors used. The effect of the alkyl groups on the basicity of the donors 1-3 may be explained as follows; the in creased + 1 effect of these groups tends to stabilize the positive charge formed on the nitrogen atom through the resonance between it and the adjacent carbonyl group. Consequently, the -I effect of O -CO group will decrease in the order C4Hg > C3H 7 > CtHs, and the basicity of the donors increases in the same order.
An examination of the data presented in Table II 1-4) . That is to say the basic character of the donors 5-8 judged by both K and Amax values follow the order 5 > 6 > 7 > 8 . In other words, the expected releasing character of the alkyl groups is no more effective. A plausible interpretation for this trend may depend on the following two facts: First, on the basis of the absence of the transannular elec tronic interactions in [2.2.2]paracyclophanes (5-8) each benzene ring is not affected by the other two. Secondly, as m entioned above, there is no contribu tion of the nitrogen atom in the CT complexation. Accordingly, it seems fair to suggest that in the case of the donors 6 -8 the steric effects of the alkyl groups prevail over the electronic ones and the elec tron acceptors will complex with either one of the two unsubstituted rings. The relatively high basic character of [2.2] paracyclophanylmethyl N-phenylcarbam ate (5) with respect to the other donors (6 -8 ) in the same series led us to suggest that the donating centre in this donor is the anilino group (Ph -NH) and not the p-substituted benzene ring. From the foregoing results, it could be concluded that the CT interactions is mainly j z -j z * type.
The oscillator strength (f) reported in Table II was obtained from the approximate formula [17] ; f = 4.319x 10~9-£ where Av\n is the band width for half intensity in cm-1. According to Mulliken [18] the intensity of the CT band should be directly proportional to the sta bility of the association constant of the complex.
Comparison of the data in Table II were used to estimate the ionization potentials of the donors used from CT studies and the values are given in Table II . Unfortunately, since there are no data is available in the literature for the IP of the donors 1-8, it is difficult to quantify our results.
Crystalline CT complexes of [2.2]paracyclophane derivatives 1-4 with both TCNE and D D Q were prepared by evaporating a methylene chloride solu tion containing equimolar quantities of donor and acceptor and allowing the solid to crystallize from a small volume of solvent. The infrared spectra of these CT complexes reported in Table III support the conclusion obtained from the visible spectra re garding the centre of complexation in the [2 .2 ]paracyclophane derivatives (1-4) . Table III includes the infrared spectral data of the CT complexes of the donors 1-4 with TCNE and DDQ as well as their free components. A comparison of the infrared spectra of the CT complexes of the donors 1-4 with TCNE reveals that the vCN is shifted toward lower wavenumbers with respect to TCNE, indicating an increase of charge density on the cyano groups. Also, both bands of NH and CO groups in the CT com plexes are shifted to lower wavenumbers with respect to the corresponding electron donors. The aromatic-CH bands are shifted to higher values indicating a decrease of the electron density on the donor part on complex formation.
On the basis of the increased charge density on DD Q and the decrease on the donor molecule during complex form ation, the bands due to CO vibration should be shifted to lower values in case of DDQ, whereas those of the donors should be shifted to higher values. The anomalous behaviour visible in Table III for the values of CO bands may be explained as due to the overlap between the CO bands of both D D Q and donors giving rise to an absorption at 1690-1695 cm-1. In addition, the vNH of the CT complexes with DD Q show a small red shift with respect to the free donors, whereas the y A r-H show a blue shift.
The !H NMR spectral data of some CT complexes and their free components are summarized in Table IV . The data reveal that the NH protons of the CT complexes of donors 2 and 3 are shifted to lower field with respect to the NH protons of the corre sponding free donors. Comparison of these shifts (0.04-0.02 ppm) with those caused by N-arylcarbam ate-D D Q complexes (0.23-0.07 ppm) [7] supports the very weak contribution of the nitrogen atom of the donors studied in the CT complexation. U nfortu nately, since the NH proton in compound 1 reso nates in the same field of the aromatic protons, it is difficult to discuss the change in its chemical shift. The data in Table IV also reveal a downfield chemi cal shift of the aromatic protons in the CT complexes of the donors 1 and 2, which may be originates from the deshielding effect arising from the decrease of the electron density on the aromatic rings of the 
